Action of intrinsic sialidase of rat brain synaptic membranes on membrane sialolipid and sialoprotein components in situ.
The sialo compounds in the synaptosomal membranes of young rat brain were specifically labeled in vivo by the intracranial injection of radioactive N-acetylmannosamine. More than 95% of the incorporated label was found in glycosidically bound sialic acid. Specific activities of sialic acid in the synaptic membrane gangliosides G71 (monosialo), GD1a (disialo), and GT1 (trisialo) were similar; labeling in GD1b (disialo) was consistently somewhat higher. The highest specific activity of rat brain sialidase was evenly distributed between "small myelin fragment" and synaptosomal membrane fractions, and ouabain-sensitive (Na+, K+)-ATPase also was concentrated in the latter fraction. The greatest amount of bound sialic acid was found in these subcellular fractions having the highest sialidase activity. A microsomal fraction was discovered to contain a small amount of bound sialic acid with a very high degree of radioactive labeling, but no sialidase. Release of sialic acid from the relatively intact membrane preparations by intrinsic membrane-bound sialidase occurred in two recognizable stages. There was a rapid initial release, complete within 30 min, of approximately equal amounts of lipid- and protein-bound sialic acid, corresponding to roughly half of the enzymatically releasable protein-boudn, and somewhat less than one-third of the lipid-bound, sialic acid. The remainder of the membrane sialidase-susceptible sialic acid was released in a second, slower stage. The intrinsic sialidase released 16 +/- 1% of the total sialoprotein and 31 +/- 1% of the total sialolipid sialic acid. Approximately the same amount of sialic acid is releasable from membrane sialolipid by the action of exogenous Vibrio sialidase; almost twice as much is releasable from sialoglycoprotein by this enzyme as compared with the intrinsic membrane sialidase. Each of the various membrane gangliosides appeared to be equally available to the action of the membrane sialidase. The results of this study indicate that both glycolipid- and glycoprotein-bound sialic acid in the synaptic membrane are releasable in situ by the action of the intrinsic synaptic membrane sialidase, and they suggest that this enzyme may act to modulate the physical properties of the membrane. In addition to influencing the rate of hydrolysis of endogenous membrane sialo compounds by intrinsic sialidase, pH had an effect on availability of protein-bound sialic acid. At acid pH, lipid- and protein-bound sialic acid were similarly available, but near neutral pH, gangliosides appeared to be attacked preferentially.